Starting in 2005, regulatory agencies in the UK and the USA issued warnings of increased mortality risk for off-label use of first-and second-generation antipsychotics in elderly patients with dementia, 14, 15 but use in older adults, including those with dementia, has remained substantial. 8, [16] [17] [18] [19] Although the use of antipsychotics is particularly prevalent in nursing homes, more than 70% of the over 1 million older adults who receive antipsychotics in the USA are treated outside of institutional settings. 20, 21 In England and Wales, approximately 48% of the more than 100 000 older adults without severe mental illness treated with antipsychotics reside in the community, and within one primary care trust 15.3% of out-patients in a dementia register were recently found to be receiving antipsychotic medications. 8, 22 Much uncertainty remains concerning the comparative safety of individual antipsychotic agents in older adults. Meta-analyses of controlled trials and most observational studies are not adequately powered to compare individual agents with respect to risk of premature mortality.
1,2,9-13 Using a similar analytic approach to that used in this study, our group recently examined comparative mortality risks of antipsychotic medications in nursing-home residents, a frail population with limited life expectancy. 23 In addition, two prior studies directly or indirectly compared mortality risks of individual antipsychotic agents in predominantly male and community-dwelling older US veterans with dementia. 24, 25 Despite pronounced differences in demographic composition, pattern of comorbidity, cognitive status and frailty between the study populations, these studies reported similar findings regarding the comparative mortality risk of individual medications. In comparison with risperidone, an increased risk was found with haloperidol and a decreased risk with quetiapine, with no significant difference in risk for olanzapine. Dosage is a potentially important determinant of comparative antipsychotic safety. Clinical variations among agents in community dosing patterns may interact with dose response to influence mortality risk. 23, 24 We therefore estimated the comparative non-cancer mortality of the six most commonly prescribed antipsychotic drugs, with and without statistical adjustment for dose, in a national cohort of non-institutionalised older adults enrolled in the US Medicaid and Medicare programmes.
Method
To compare non-cancer and cause-specific mortality risks between individual antipsychotic medications, we conducted a retrospective, observational cohort study among people 65 years old or older who were living in the community and had recently begun antipsychotic treatment. People with clinical diagnoses of schizophrenia, bipolar disorder or cancer during the 180-day period preceding the index date were excluded. Our study used combined service (Medicare Parts A and B) and pharmacy
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Aims
To estimate the comparative mortality risks of commonly prescribed antipsychotic agents in older people living in the community.
Method
A retrospective, claims-based cohort study was conducted of people over 65 years old living in the community who had been newly prescribed risperidone, olanzapine, quetiapine, haloperidol, aripiprazole or ziprasidone (n = 136 393). Propensity score-adjusted Cox proportional hazards models assessed the 180-day mortality risk of each antipsychotic compared with risperidone.
Results
Risperidone, olanzapine and haloperidol showed a dose-response relation in mortality risk. After controlling for propensity score and dose, mortality risk was found to be increased for haloperidol (hazard ratio (HR) = 1.18, 95% CI 1.06-1.33) and decreased for quetiapine (HR = 0.81, 95% CI 0.73-0.89) and olanzapine (HR = 0.82, 95% CI 0.74-0.90).
Conclusions
Significant variation in mortality risk across commonly prescribed antipsychotics suggests that antipsychotic selection and dosing may affect survival of older people living in the community.
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(Medicaid) claims from 1 January 2001 to 31 December 2005 for 45 US states, representing over 95% of older people with dual eligibility living in the community in the USA. The study cohort was limited to patients with new antipsychotic treatment episodes, to avoid underascertainment of events that occurred soon after initiation of antipsychotic therapy. 26, 27 The study was approved by the Rutgers University institutional review board. New treatment episodes were defined by a claim for an antipsychotic drug immediately preceded by at least 180 days of eligibility without a claim for any antipsychotic medication or long-term nursing facility stay. At least one pharmacy claim and one Medicare service claim were required during the 180 days preceding the index date to ensure that patients were in contact with the healthcare system. All baseline variables were constructed from claims during the 180-day pre-index period. Patients were excluded if they had a claim for two or more different antipsychotic drugs at the index date, if the index claim for antipsychotic medication included no information regarding days of supply, or if the prescription was for an antipsychotic/ antidepressant combination product.
Antipsychotic medications and follow-up
Antipsychotic medications included risperidone, olanzapine, quetiapine, haloperidol, aripiprazole and ziprasidone. Other antipsychotics were used too infrequently to permit meaningful analysis. We constructed a calendar of antipsychotic exposure noting start of exposure, drug discontinuation and antipsychotic switch or augmentation. Antipsychotic discontinuation was defined as the last day of continuous supply, allowing for a gap of 7 days to account for late refills. Antipsychotic switch or augmentation was defined as a fill for an antipsychotic other than the index agent. Doses were converted into chlorpromazine equivalents (CPZeq) to assess dose effects across individual antipsychotics (see online Table DS1 ). 28 Using this conversion approach, a dose of 2 mg risperidone is approximately equivalent to 5 mg olanzapine, 75 mg quetiapine, 2 mg haloperidol, 7.5 mg aripiprazole or 60 mg ziprasidone. An alternative conversion was used in sensitivity analyses. 29 
Outcomes
The primary outcome -non-cancer mortality within 180 days after the index date -was based on death date and cause of death information from the National Death Index. 30, 31 Cause-specific mortality was examined as a secondary outcome using broad diagnostic categories because misclassification of causes of death in older populations is likely: death from diseases of the circulatory system (ICD-10 codes I00-I99), 32 death from cerebrovascular disease (ICD-10 I60-I69), death from diseases of the respiratory system (ICD-10 J00-J99) and death from other causes. 33 
Statistical analysis
We first calculated sociodemographic, clinical and healthcare use characteristics at baseline for each of the prescribed antipsychotic subgroups, and estimated event rates for primary and secondary mortality outcomes with risperidone as the referent agent. To compare antipsychotics with respect to risk of non-cancer and cause-specific mortality, we performed crude and adjusted Cox proportional hazards regressions. Models were fitted at several levels of adjustment: (a) unadjusted; (b) adjusted for gender, ethnicity, age and calendar year; (c) adjusted for propensity score; (d) adjusted for high-dimensional propensity score. 34 Follow-up began from the day after the index antipsychotic claim and was censored at the day of discontinuation, antipsychotic switch or augmentation, 10 or more days in hospital, death, 180 days after index prescription claim, or end of study, whichever came first. Thirty days were added to the last day of follow-up for patients who discontinued antipsychotic therapy, to reduce potential bias from informative censoring if patients discontinued the drug because of adverse effects experienced shortly before death. Sensitivity analyses were performed without the 30-day addition. Propensity scores were calculated using a non-parsimonious logistic regression model including all variables presented in Tables 1 and 2 . High-dimensional propensity scores were calculated using an automated algorithm that facilitated inclusion of many additional potential confounding variables. 34 For all comparisons using traditional or high-dimensional propensity scores, propensity score distributions were plotted, evaluated for overlap and truncated at the margins of the propensity score distribution by 2.5% to ensure exclusion of patients who (based on their characteristics) would be expected to always receive one treatment over another. Propensity scores were included as deciles into the regression models. Analyses were stratified by dementia diagnosis and age group (65-80 years, 581 years) to examine potential heterogeneity in mortality risk. In addition, we performed a dose-response analysis for all antipsychotics combined and for individual agents with sufficient sample sizes. For these analyses we constructed three dose strata based on the dose distributions observed for each individual antipsychotic and for all antipsychotics combined (online Table DS2 ). Lastly, we fitted dose-adjusted models that included antipsychotic dose (550 mg CPZeq, 50-99 mg CPZeq, 100-149 mg CPZeq, 5150 mg CPZeq) and high-dimensional propensity score deciles. Dose-response and dose-adjusted analyses were based solely on antipsychotic index dose and did not consider dose changes over follow-up, as the majority of patients did not change dose between their first two antipsychotic fills (88.2%) or between their first and last observed antipsychotic fill (83.0%), and there was no meaningful difference between individual agents (online Table DS3 ).
Results
The study cohort comprised 136 393 patients with new antipsychotic treatment episodes (Fig. 1) . Risperidone was the most commonly used agent (36.2%), followed by olanzapine (32.5%), quetiapine (19.2%), haloperidol (9.6%), aripiprazole (1.4%) and ziprasidone (1.1%). Median starting doses were 0.5 mg (risperidone), 5 mg (olanzapine), 50 mg (quetiapine), 1 mg (haloperidol), 10 mg (aripiprazole) and 40 mg (ziprasidone). Mean time to censoring was 83 days. Censoring times were similar for the second-generation agents (Table 1) , ranging from 77 days (ziprasidone) to 88 days (olanzapine) but were shorter for haloperidol (63 days). Censoring most commonly occurred owing to antipsychotic discontinuation (83.8%) followed by day 180 (13.2%) and death (3.0%). The cohort was predominantly female, White and had a mean age of 79.1 years. Nearly a third of patients had a diagnosis of dementia. Although most baseline characteristics were broadly similar between individual agents, marked differences were evident in several characteristics. Most notably, patients beginning therapy with risperidone, haloperidol, quetiapine or ziprasidone had higher rates of diagnosed dementia than those starting olanzapine or aripiprazole. Diagnosed depression was highest among patients beginning therapy with aripiprazole, ziprasidone or quetiapine and was relatively rare among patients starting haloperidol. Differences were also apparent in use of other psychotropic medications during the baseline period, with patients taking aripiprazole having the highest rate of use of other psychotropic medications and those taking haloperidol the lowest (Table 2) .
Mortality risk at 180 days
Across all agents we observed 4216 non-cancer deaths in 31 090 person-years of follow-up, for an overall non-cancer mortality rate of 13.6 per 100 person-years. An additional 180 cancer-related deaths were censored. Unadjusted event rates ranged from 31.4 (95% CI 29.1-33.7) per 100 person-years for haloperidol to 5.8 (95% CI 3.5-8.1) per 100 person-years for aripiprazole (online Table DS4 ). Hazard ratios (HRs) calculated at different levels of adjustment are presented in Table 3 . In unadjusted comparisons with risperidone, haloperidol had a nearly doubled mortality risk, whereas aripiprazole, quetiapine, ziprasidone and olanzapine showed risk reductions ranging from 55% (aripiprazole) to 22% (olanzapine). Estimates for all comparisons moved monotonically towards the null with increasing levels of adjustment (Table 3) . In analyses adjusted for high-dimensional propensity score, haloperidol demonstrated a 45% increase in risk and only quetiapine exhibited a statistically significant reduction in risk below risperidone (Fig. 2) . The excess risk for haloperidol was greatest early after treatment initiation and attenuated during follow-up (online Table DS5 ). No significant difference from the overall results was observed for any of the specific causes of mortality (Table 3) . Neither age-nor dementia-stratified models showed marked differences in the pattern of mortality risk between strata (online Table DS6 ).
Dose-response and dose-adjusted analyses
For all study antipsychotics combined, a dose-response relationship was apparent with hazard ratios of 1.36 (95% CI 1.24-1.49) for high v. low dose and 1.19 (95% CI 1.10-1.27) for medium v. low dose (Fig. 3) . Among the four most widely used agents, all but quetiapine showed significant dose response. Haloperidol demonstrated the strongest dose-response effect. Aripiprazole and ziprasidone were not used with sufficient frequency to permit meaningful evaluation of dose-response risk of mortality. 
hdPS-adjusted HR (95% CI)
Lower risk than risperidone Higher risk than risperidone Fig. 2 Mortality hazard ratios for frequently used antipsychotic medications compared with risperidone as prescribed and adjusted for dose.
Risperidone is the referent in all comparisons; hdPS, high-dimensional propensity score; HR, hazard ratio. Analyses were restricted to patients taking solid oral dosage forms of the antipsychotic drug (n = 132 414). The low-dose group of each agent served as the reference group for each comparison. Owing to insufficient event numbers in individual dose strata, no result is presented for aripiprazole or ziprasidone. The following dose ranges were used: haloperidol low 41 mg, medium 41-4 mg, high 44 mg; risperidone low 40.5 mg, medium 40.5-1 mg, high 41 mg; olanzapine low 42.5 mg, medium 42.5-5 mg, high 45 mg; quetiapine low 425 mg, medium 425-50 mg, high 450 mg; all antipsychotics (in chlorpromazine equivalents) low 550 mg CPZeq, medium 50-75 mg CPZeq, high 475 mg CPZeq. hdPS, high-dimensional propensity score; HR, hazard ratio.
After conversion to chlorpromazine equivalents, marked differences in dose distributions were observed among agents (Tables 1 and DS2 ). Most notably, 56% and 48% of risperidone and quetiapine use respectively were at doses below 50 mg CPZeq, with significantly lower proportions for olanzapine (1%), aripiprazole (6%) and haloperidol (20%). Conversely, use at doses of 100 mg CPZeq or above was significantly more common for aripiprazole (56%), olanzapine (50%) and haloperidol (39%) compared with risperidone (11.5%) and quetiapine (18%). At the low end of the spectrum these differences are largely attributable to differences in the lowest available tablet strength, e.g. 0.25 mg (12.5 mg CPZeq) for risperidone and 2.5 mg (50 mg CPZeq) for olanzapine. In analyses controlled for CPZeq dose categories and high-dimensional propensity scores, haloperidol was associated with an 18% (95% CI 6-33) increase in risk, whereas aripiprazole (HR = 0.62, 95% CI 0.40-0.97), quetiapine (HR = 0.80, 95% CI 0.72-0.89) and olanzapine (HR = 0.82, 95% CI 0.74-0.90) had appreciably decreased non-cancer mortality risks (Fig. 2) . Point estimates remained essentially unchanged following restriction to patients initially taking doses commonly used for both comparators (data not shown). Dose-response and dose-adjusted findings using an alternative CPZeq conversion algorithm were consistent with results shown above (data not shown). 29 
Discussion
In a large, community-based cohort of people over 65 years old, significant differences were evident in mortality risk during the first 6 months of treatment with commonly prescribed antipsychotics. As prescribed and as compared with risperidone, mortality risk was substantially higher for haloperidol and lower for quetiapine. No marked difference in mortality risk was observed between risperidone and olanzapine. Confidence intervals for aripiprazole and ziprasidone were wide owing to infrequent use of these drugs during the study period, warranting further study of their comparative mortality risks in older adults. Dose-response in mortality risk was observed for haloperidol, risperidone and olanzapine, but not for quetiapine. Adjusting for dose in the analysis markedly reduced the magnitude of excess mortality risk observed for haloperidol and lowered the risk associated with olanzapine. Stratified analyses provided no evidence of treatment effect heterogeneity by age group or presence of dementia.
In several respects our results confirm those from previous studies that directly compared individual antipsychotic agents. 23, 24 Hazard ratio point estimates for comparisons with risperidone across the three studies ranged from 1.45 to 1.81 for haloperidol, from 0.99 to 1.06 for olanzapine and from 0.74 to 0.83 for quetiapine. Indirect contrasts based on comparisons of individual antipsychotics with non-use showed similar findings. 25 Aripiprazole and ziprasidone were only examined in one previous study, 23 where no differences in mortality risk in relation to risperidone were observed. It may be noted that the higher risk observed for haloperidol in this study (HR = 1.81) compared with our community study (HR = 1.45) might be the result of higher haloperidol doses prescribed in nursing homes. Whereas 21.7% of initial haloperidol prescriptions in the nursing home were over 4 mg, only 13.9% were over 4 mg in the community-based cohort. 23 An increased mortality risk for haloperidol compared with risperidone is also broadly consistent with reports of greater mortality risk associated with first-v. second-generation antipsychotics. 2, [9] [10] [11] [12] Taken together, these findings suggest that at the doses used in clinical practice differences in mortality risks between individual agents are largely consistent across diverse populations of older adults.
Consistent with the nursing-home study, higher as compared with lower dosing tends to carry greater mortality risk for older people living in the community. 23 Higher risk of mortality is associated with higher doses of risperidone, olanzapine and haloperidol, but not quetiapine. Potential pharmacological explanations for the absence of a dose-response relationship for quetiapine, which was observed in both studies, remain incompletely understood. 35, 36 Because dose-response analyses in both studies were empirically constructed based on each agent's observed dose distribution, a simple explanation for the lack of dose response for quetiapine is that there is less variation in clinical quetiapine dosing than for most other antipsychotics (Table  DS2) . As greater clinical experience accumulates with aripiprazole and ziprasidone in older patients, it will be important to assess the dose-related mortality risks of these medications.
Adjustment for dose in the analysis markedly altered the magnitude -and for some medications the direction -of the individual agent mortality effect estimates. Assuming the validity of the dose equivalencies used in our study, this suggests that mortality differences between antipsychotics are partially a function of dosing differences in clinical practice rather than the pharmacodynamic properties of individual agents. Particularly, the excess mortality risk of haloperidol compared with risperidone may be at least partially due to more aggressive dosing. Previous studies did not report significant changes in their findings after dose adjustment. 23, 24 The differences among studies in individual agent dose-adjusted mortality effect estimates could be due to differences in dose-adjustment methods or patient populations. 23, 24 No substantial comparative risk difference between patient groups with and without clinical dementia diagnoses was evident in this or in our companion nursing-home study. 23 The current regulatory advisories specifically relate to the treatment of elderly patients with dementia. 14, 15, 19 In light of the widespread use of antipsychotics in the out-patient treatment of older people without a dementia diagnosis, safety considerations specific to this population are important. 37 Because the relative risks of antipsychotic-related mortality in older adults appear to be similar in out-patient groups with and without a dementia diagnosis, concerns raised by the regulatory advisories may apply equally to older patients without dementia. Although our study did not include an untreated comparison group and therefore cannot directly address the question whether antipsychotics increase mortality risk in patients without dementia compared with no treatment, the dose-response findings in mortality risk are consistent with an increased absolute mortality risk associated with antipsychotic medications. a. Includes hallucinations, paranoid states, other non-organic psychoses and senile psychotic conditions. b. Individual comorbidities defined based on at least one hospital admission or at least one out-patient visit with the respective ICD codes. The Charlson index is included in the propensity score models as a continuous variable. c. Includes barbiturates, non-benzodiazepine anxiolytics, stimulant and attention-deficit hyperactivity disorder medication, lithium, valproate, carbamazepine and lamotrigine.
Study limitations
Our study is subject to several limitations. First, residual confounding is a potential source of bias if unobserved variables affect antipsychotic choice, dose and risk of mortality. Severity of dementia and dementia-related behavioural symptoms, which are not directly observable in claims data, may have confounded the observed associations. However, our companion nursinghome study, which had access to clinical measures of dementia severity and behavioural symptoms from nursing staff ratings, did not observe changes in mortality estimates when these ratings were added to the propensity score models. 38 Second, we aimed to estimate comparative mortality risks for antipsychotics at clinically equivalent doses by adjusting for chlorpromazineequivalent dose categories. However, the chlorpromazine dose equivalency schedule, which was developed for schizophrenia treatment, has uncertain applicability to the lower antipsychotic doses used in older patients without psychosis. The dose-adjusted findings in our study thus have to be interpreted with appropriate caution. Nevertheless, our findings were robust using two different conversion algorithms. 28, 29 Third, dose analyses were based on the antipsychotic dose of the index prescription and might therefore have introduced dose misclassification if titration schedules varied across agents. Because dose changes during follow-up occurred in only a small minority of patients, the effects of such misclassification are likely to be limited. Fourth, considerable uncertainty exists about the intended clinical indications for antipsychotic treatment in our study population. Although patients with schizophrenia, bipolar disorder or cancer were excluded, only about a third of patients had a clinical diagnosis of dementia. Underascertainment of dementia in claims data is well recognised, 39, 40 resulting from both underdiagnosis of dementia in clinical practice (particularly in the early stage of the disease, where diagnostic sensitivity has been estimated at 9-41%), 41 and incomplete coding of diagnosed dementia. 42 It is thus likely that considerably more than a third of the patients in our study had at least early-stage dementia. Fifth, our study was limited to comparisons between antipsychotic agents commonly used in the USA during the years 2001-2005 and therefore could not provide estimates of the comparative mortality risk associated with newer agents or agents not approved in the USA such as amisulpride. Finally, our results are limited to the first 6 months of treatment and therefore do not inform the long-term comparative safety of antipsychotic treatment, and no comparison is presented with patients not receiving antipsychotic medication.
Implications
Clinicians treating older people with dementia should balance evidence of mortality risks and other adverse effects with efficacy in managing disruptive and potentially dangerous behaviour. Generally, antipsychotics should be reserved for patients with psychotic and severe mood symptoms that cause significant distress and to situations with immediate risk of harm to the patient or others, and should be avoided as a treatment of cognitive deficits. Treatment with antipsychotics should target specific symptoms, be initiated at low dose and used for short periods, and should not be initiated until medications and alternative treatable medical conditions that might cause or exacerbate behavioural symptoms have been excluded. 45, 46 For many patients non-pharmacological options may offer a safer treatment alternative but the evidence base for these interventions remains underdeveloped and barriers exist to their widespread implementation. [47] [48] [49] If antipsychotic therapy is initiated the choice of medication should be guided by patient preferences and predisposition regarding these agents' adverse effects profiles including their comparative mortality risks, 45 as well as each agent's efficacy for the targeted symptom. For global behavioural symptoms in dementia, aripiprazole, olanzapine and risperidone show similar small but statistically significant benefits, with less robust evidence for the benefit of quetiapine. 4 Current efforts in both the UK and the USA aim to reduce antipsychotic prescribing in older adults without severe mental illness. 50, 51 However, because antipsychotic use in this population is likely to remain significant, evidence regarding the comparative safety of these agents remains important. The comparative pharmacoepidemiological safety studies to date paint a largely consistent picture regarding the comparative mortality risks of the most widely used antipsychotic agents, particularly at doses commonly used in clinical practice. 23, 24 Because the newer agents aripiprazole and ziprasidone were less commonly used during the study periods, greater uncertainty remains about the comparative risks of these agents and particularly their dose-response profiles.
This study suggests that dose adjustment markedly affects the comparative mortality risks associated with individual agents. Comparative data on the effectiveness of individual agents across the dose spectrum is therefore needed to better inform benefitrisk assessment and agent selection. Even in the absence of such data, current guidelines supported by the dose-response findings of this and other observational studies suggest that if in specific cases where the potential benefit is likely to outweigh the adverse effects the decision to use antipsychotic medications is made, it is critical to select the smallest dose effective for the targeted behaviour through careful dose titration, especially for haloperidol. 43 
